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Abstract We compared microvascular density (MVD),
lymph vessel density (LVD), and the expression of hypoxia
pathway-associated proteins between primary triple-negative
adenoid cystic carcinoma of the breast (TN-ACC) and grade-
matched triple-negative breast carcinomas of no special type
(TNBC). Twelve TN-ACC and 15 TNBC were investigated
immunohistochemically for CD31, podoplanin (D2-40), von
Hippel–Lindau protein (pVHL), and hypoxia-inducible
factor-1alpha (HIF-1α) protein. All cases were lymph node
negative (pN0). The study revealed a medianMVD (CD31) of
34 vessels/mm2 (mean ± SD, 41.33±6.5/mm2) in the TN-
ACC subgroup and a median of 55 microvessels (mean ±
SD, 54.9±6.3/mm2) in the TNBC subgroup. The median

LVD (D2-40) was 10.5/mm2 (mean ± SD, 11.9±1.5/mm2) in
the TN-ACC subgroup and 15.0/mm2 (mean ± SD, 16.9±
2.5/mm2) lymph vessels in the TNBC subgroup. The
differences were not statistically significant (P=0.93, P=
0.67, respectively). pVHL was detectable in all TN-ACCs
whereas two cases of TNBC had less than 5% of the positive
cells. HIF-1α protein expression was significantly higher in
the tumor cell population than in adjacent normal cells in
both subgroups (P=0.009 for TNBC and P=0.028 for TN-
ACC, respectively), but there was no significant difference
between the two tumor groups. Up-regulation of the
hypoxia-induced signaling is seen in both TN-ACC and
grade-matched TNBC. Despite its perceived low malignant
potential, TN-ACC of the breast does not differ in the
number of blood and lymphatic vessels in comparison with
the grade-matched TNBC. The reported biologic differences
between TN-ACC and TNBC do not appear to result from
neoangiogenesis.
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Introduction

Angiogenesis is one of the hallmarks of cancer [1, 2].
Tumor growth is angiogenesis dependent, and therefore, the
forming of new blood vessels represents an essential step
for survival in a hypoxic tumor environment [3, 4].
Additionally, the density of blood and lymphatic vessels
correlates with aggressiveness and metastatic potential of
breast carcinomas [5].

Many solid tumors adapt to hypoxia, defined as tissue
oxygen level lower than 7% of concentration observed in
normal and well-vascularized tissues [6]. The key regulator
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of hypoxia-induced adaptation is hypoxia-inducible factor-
1α (HIF-1α) [6]. Under normal oxygenation, HIF-1α is
hydroxylated and slated for degradation via von Hippel–
Lindau (VHL)-dependent ubiquitination pathway. However,
under hypoxic or pseudohypoxic conditions, prolyl hydrox-
ylase enzymes (PHD) are inhibited, and HIF-1α escapes
degradation. Stable HIF-1α then translocates to the nucleus
where it can heterodimerize with HIF-1β (ARNT) to form
an active HIF transcription complex leading to expression
of genes that can enhance survival in hypoxic conditions:
glucose metabolism and angiogenesis, or reduce apoptosis
[7]. VHL gene is an important regulator of HIF-1α and
consequently tumor angiogenesis [8]. Its genetic alterations
have been rarely seen in breast cancer [9–11].

Triple-negative, basal-like breast carcinoma represents a
subtype of breast carcinoma linked to an aggressive clinical
course and poor prognosis due to its high metastatic potential
[12, 13]. In contrast, adenoid cystic carcinoma of the breast
is a special type of triple-negative basal-like breast carcino-
ma associated with excellent prognosis [14–16].

The objectives of this study were to investigate micro-
vascular density (MVD) and the hypoxia pathway proteins
in triple-negative adenoid cystic carcinomas (TN-ACC) and
compare the results with grade-matched triple-negative
breast carcinomas of no special type (TNBC).

Materials and methods

Breast tissue samples

Formalin-fixed, paraffin-embedded tissues of 12 primary
TN-ACC and 15 grade-matched TNBC were retrieved from
the pathology archives of the authors' affiliated institutions.
Both tumor types were graded using the Nottingham
histologic grading as recommended by the 7th American
Joint Committee on Cancer recommendations [17]. Both
cohorts were previously characterized for various biologic
characteristics and recently reported [16, 18, 19].

Immunohistochemistry

Endothelium of the tumor microvessels was highlighted
using CD31 antibody (Table 1). MVD was quantified using
Weidner et al. criteria [20]. Briefly, each slide was first
scanned at low power to identify the areas with the highest
number of blood vessels (“hot spot” areas). Three areas
with the highest number of blood vessels were counted
using a graticule that measured 1 mm2.

Assessment of lymph vessel density (LVD) was per-
formed in sections immunostained with podoplanin (D2-40,
Table 1) using the same approach as in the assessment of
MVD.

pVHL was calculated as a percentage of positive tumor
cells. Only membranous/cytoplasmic staining was consid-
ered specific.

Immunohistochemical assays for estrogen receptor (ER;
clone 6F11, Ventana Medical Systems, Tucson, AZ; clone
SP1, Lab Vision, Fremont, CA), progesterone receptor
(PR; clone 16, Ventana Medical Systems; clone PgR636,
Dako, Glostrup, Denmark), and Her-2/neu protein (Clone
CB11, Ventana Medical Systems) were previously done
and reported [16, 18]. Positive and negative controls for
each marker were used according to the supplier's data
sheets.

Statistical analysis

Mann–Whitney U test was used to compare the means of
lymph vessel density and microvessel density between the
subgroups. The continuous variables (CD31, D2-40, pVHL,
HIF-1α) were divided into two categories according to the
median values, and the associations between these variables
and other clinicopathologic parameters were done using 2×
2 contingency tables and Fisher's exact test. A P value was
set at <0.05. All statistical analyses were performed using
the Statistical Package for Social Sciences software (v. 17.0;
SPSS Inc., Chicago, IL).

Results

Patients' characteristics

All patients were women. The mean age of the TN-ACC
patients was 59.6 years (range, 43–78 years) and 58.5 years
(range, 43–76 years) for the TNBC patients.

Table 1 Clones, dilutions, sources of antibodies, and types of tissue
pretreatment used in the study

Antibody
(clone)

Dilution Source Antigen retrieval
(water bath)

CD31 (JC70A) 1:80 DakoCytomation pH 9.0 EDTA
(20 min)

Podoplanin
(D2-40)

1:5 DakoCytomation pH 9.0 EDTA
(20 min)

VHL (Ig33) 1:100 LabVision pH 6.0 citrate
buffer (20 min)

HIF-1α
(H1α 67)

1:1,000 AbCam pH 6.0 citrate
buffer (20 min)
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For HIF-1α scoring, a median HIF-1α expression in
normal/benign glands served as a cutoff point for evaluation
in both subgroups. Only nuclear HIF-1α expression was
considered specific [21].



Histopathologic and immunohistochemical characterization
of TN-ACC and TNBC of the breast

Both cohorts have been previously studied for various
biologic characteristics and recently reported [16, 18, 19].
Clinicopathologic characteristics of both cohorts are sum-
marized in Table 2. Briefly, the subgroups were grade-
matched triple-negative breast carcinomas (ER/PR/Her-2/
neu negative), and all were lymph node negative (pNo).

Two of the TN-ACC cases had known distant metastases
(to kidneys) [16, 22]. Status of the distant metastases was
not known for the TNBC group.

Lymph vessel density and microvessel density in TN-ACC
and TNBC of the breast

Evaluation of MVD revealed a median of 34 blood vessels/
mm2 (mean ± SD, 41.33±6.5) in the TN-ACC group and a
median of 55 microvessels/mm2 (mean ± SD, 54.9±6.3) in
the TNBC group (Fig. 1a, b). The median LVD was 10.5/
mm2 (mean ± SD, 11.9±1.5) in the TN-ACC group and 15.0/
mm2 (mean ± SD, 16.9±2.5) in the TNBC group (Fig. 1c, d).
The differences for both variables were not statistically
significant between the groups (P=0.93 for MVD and P=
0.67 for lymph vessel density, Mann–Whitney U test).

Unequivocal lymphatic or vascular invasion was not
evident by either CD31 or D2-40 staining in any of the TN-
ACC cases including two cases with distant metastases. In
contrast, two TNBC cases exhibited unequivocal lymphatic
and vascular invasion of which one had extensive peritu-
moral vascular invasion.

Cellular hypoxia pathway-associated proteins in TN-ACC
and TNBC of the breast

pVHL expression was detectable in all TN-ACC cases
(Fig. 2a). It was also demonstrable in the majority of the
TNBC cases (Fig. 2b) with only two cases having less than
5% of the positive cells. The mean percentage of the pVHL
positive cancer cells was 84% in TN-ACC and 71% in
TNBC (P=0.42). Adjacent ductal epithelium retained
pVHL expression in all cases when available for evaluation.

HIF-1α protein nuclear expression was rarely observed
in normal breast epithelium with an average of 2% of the
positive cells. In contrast, this protein was observed in all
tumors with the mean percentage of positive tumor cells of
15% in TN-ACC and 17% in TNBC (Fig. 2c, d). This was
statistically significant in both groups (P=0.009 for TNBC
and P=0.028 for TN-ACC, respectively).

Correlation between the biologic variables
and clinicopathologic parameters

HIF-1α protein expression was strongly associated with the
tumor grade in the TNBC subgroup (P=0.025), while a
trend towards a significant positive association was ob-
served in the TN-ACC subgroup (P=0.08, Fisher's exact
test). No other significant correlation was seen among the
tested variables.

Discussion

The tumor growth and progression are directly dependent on
the development of new blood vessels (angiogenesis) [3, 5]. It
increases the opportunity of the tumor cells to enter the
circulation and develop metastases, the most common cause
of cancer-related mortality [5]. It is usually measured by
microvessel density that correlates well with tumor aggres-
siveness [5]. Triple-negative basal-like breast carcinomas
tend to have an aggressive behavior and poor outcome
mainly due to their high metastatic potential [13]. This
subtype is also characterized by higher microvessel density
compared with the non-basal and the non-triple-negative
breast carcinomas [13]. On the other hand, TN-ACC of the
breast is well known to have an indolent clinical course with
favorable outcome [14–16] despite molecular and gene
expression profiling studies that revealed an unfavorable
gene signature and molecular portrait compatible with that
seen in highly aggressive triple-negative, basal-like breast
carcinomas [23, 24]. Our study for the first time highlighted
that the number of blood and lymphatic vessels did not differ
significantly in the TN-ACC subgroup in comparison with
grade-matched triple-negative breast carcinomas of no
special type. These results indicate that the discrepancy in

Table 2 Clinicopathologic characteristics of both cohorts

Characteristic TN-ACC TNBC

Tumor size

<2 cm 3 (25%) 2 (18.2%)a

2–5 cm 7 (58.3%) 6 (54.5%)

>5 cm 2 (16.7%) 3 (27.3%)

Histologic gradeb

1 3 (25%) 2 (13.3%)

2 6 (50%) 8 (53.3%)

3 3 (25%) 5 (33.3%)

Axillary lymph nodes

Axillary dissection 8 (66.7%) 12 (80%)

Sentinel lymph node biopsy 4 (33.3%) 3 (20%)

Type of surgery

Mastectomy 8 (66.7%) 11 (73.3%)

Breast-conserving surgery 4 (33.3%) 4 (26.7%)

a Data were not available for four cases
b Both tumor types were graded using the Nottingham histologic
grading

Virchows Arch (2011) 459:377–382 379



clinical behavior and aggressiveness between TN-ACC and
TNBC probably cannot be attributed to the blood and
lymphatic vessel density.

Angiogenesis is closely regulated by cellular hypoxia
[25]. Hypoxia occurs in many disease processes, and it is

common in solid tumors due to the tumor outgrowing the
existing vasculature [25]. Neoplasms surviving in the
hypoxic environment are usually associated with aggressive
behavior, increased tumor cell motility, metastasis, and poor
outcome [26, 27]. Central to the hypoxic response of the

A

C
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D

Fig. 1 Endothelium of the tu-
mor microvessels highlighted
using CD31 antibody in a case
of triple-negative adenoid cystic
carcinoma of the breast (a) and a
case of triple-negative breast
carcinoma (b); lymph vessel
density measured by podoplanin
(D2-40) in triple-negative ade-
noid cystic carcinoma (c) and
triple-negative breast carcinoma
(d) (×20)

A

C

B

D

Fig. 2 pVHL was demonstrable
in the majority of TN-ACCs (a)
and triple-negative breast carci-
nomas (b); HIF-1α protein nu-
clear expression with moderate
intensity in TN-ACC case (c)
and triple-negative breast carci-
noma (d) (×20)
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tumor cells is the transcription factor HIF-1α [28]. Nuclear
translocation of HIF-1α protein leads to the up-regulation
of transcription of the genes involved in cell proliferation,
angiogenesis, and glucose metabolism and is associated
with tumor progression in various human tumors [7, 29]. In
breast cancer, its deregulation is also associated with
increased proliferation and angiogenesis, down-regulation
of estrogen receptor, and shorter survival in patients with
negative lymph nodes [27, 30–32]. Our study revealed that
HIF-1α protein is commonly up-regulated in both TN-ACC
and TNBC which is in line with the study of Rakha et al.
that revealed activation of hypoxia-related proteins in
TNBC [33]. Earlier studies also showed that up to 62% of
all breast carcinomas are hypoxic if HIF-1α protein is used
as a marker of hypoxia [6, 34]. The percentage of HIF-1α
positivity in breast cancer tumor cells however varies
between the studies due to the various cutoff values the
investigators used [35, 36]. We observed low HIF-1α
protein expression in benign/normal glands (~2%), which
is in agreement with previous reports [28], and both of our
tumor cohorts exhibited significantly higher percentages of
positive cells. Concordant with our IHC results, we
observed consistent overexpression of HIF-1α mRNA in
three cases of breast ACC in various metastatic sites and
overexpression of VEGFα mRNA in one case, using whole
genome expression array (HumanHT-12 v4 beadChip,
Illumina Inc., San Diego, CA) (Gatalica Z, unpublished
observation).

Another important regulator of angiogenesis is the VHL
gene (3p26-p25) [8]. Its product, VHL protein (pVHL), is a
component of an Skp1–Cdc53–F-box (SCF)-like ubiquitin–
ligase complex that targets the α-subunits of the hypoxia-
inducible factor for poly ubiquitylation and proteasomal
degradation [37]. Genetic alterations of the VHL gene
have been linked to hereditary and sporadic clear cell renal
cell carcinomas [38]. Earlier studies reported that VHL
gene and pVHL are not commonly involved in breast
cancer carcinogenesis [9–11]. Consistent with those
studies, all TN-ACC and a majority of TNBC cases in
our study retained pVHL expression. Furthermore, no 3p
locus loss was observed in a series of breast ACC recently
reported [39].

We conclude that up-regulation of the hypoxia-induced
signaling is commonly seen in both TN-ACC and grade-
matched TNBC when compared to the surrounding normal
tissues. Despite its low malignant potential, TN-ACC of the
breast does not differ in the number of blood and lymphatic
vessels in comparison with the grade-matched TNBC.
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